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INTRODUCTION. 


The purpose of this bulletin is to furnish highway engineers with 
the results of physical tests of road-building rock made in the labo- 
ratories of the United States Office of Public Roads and Rural En- 
gineering to January 1, 1916. It is proposed to revise this bulletin 
from time to time, so that additional data secured by the office may 
become promptly available. Detailed descriptions of the methods 
of determining the physical properties of road-building rocks have 
been given in a recent publication by Jackson. Interpretation of 
the results of these tests has, however, been reserved for publication 
with the tabulated data here given. It should be noted that Bul- 
letins Nos. 347 and 370 therefore constitute a complete revision of 
Office of Public Roads Bulletin No. 44, by Albert T. Goldbeck and 
Frank H. Jackson, Jr., which was published in 1912. As a matter 
of interest it may be stated that since January 1, 1912, approximately 
1,350 additional samples have been classified and tested, raising the 
total number from the United States and Canada to about 3,650. 


1 United States Department of Agriculture Bulletin No. 347. 
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AGENCIES CAUSING ROAD DETERIORATION. 


Roads may deteriorate from both external and internal causes. 
The destructive agencies may be classified as mechanical, chemical, 
and physical, but in some respects it is more convenient to consider 
deterioration as being due to the effect of (1) traffic, (2) climatic con- 
ditions, and (3) faulty construction. The first two are external 
agencies and the latter is internal. 

Trafic.—Traflic divides itself into two classes, (a) horse-drawn 
vehicles and (b) self-propelled or motor-driven vehicles. In the 
former the impact of horses’ feet tends to disturb the position of indi- 
vidual fragments of rock in the wearing course and also to fracture 
the rock. At the same time wheels, especially steel-tired wheels, 
not only exert an abrasive action which grinds away the rock sur- 
faces, but tend to crush the fragments of rock in proportion to the 
load per unit width of tire. 

Automobile traffic exerts a severe shearing action upon the road 
surface which tends to loosen the individual fragments and, ulti- 
mately, to remove them from the road. Where chains or armored 
tires are used, considerable abrasion may also result, especially under 
those conditions which favor slipping or skidding. 

Climatic agencies.—So far as the rock itself is concerned, climatic 
or weather conditions are not important destructive agencies. While 
it is true that rain and surface waters gradually dissolve or react 
with certain rock-forming minerals, the action is so slow as to be 
practically negligible as a source of deterioration during the life of a 
road. Frost may cause some deterioration in the more porous types 
of rock, but both rain and frost are more destructive to the road 
structure than to the rock of which it is built. Wind also is a negli- 
gible factor so far as the rock is concerned. 

Faulty construction —Faulty construction may resulé in rapid 


deterioration of the road proper, due to a number of causes, such as — 


poor drainage, lack of proper consolidation, the use of the wrong 
size or wrong grading of broken stone, etc. Destruction or disinte- 
gration of the fragments of rock may also be hastened by these errors 
in construction. 


FACTORS INFLUENCING THE SELECTION OF ROCK FOR ROAD 
BUILDING. 

In accordance with the preceding discussion it is evident that 
from the standpoint of destructive agencies traffic conditions are the 
most important factors to be considered in the selection ef rock for 
road building. Availability as well as relative cost are also impor- 
tant factors in so far as ultimate economy is concerned, but need not 
be considered in this bulletin. In addition, the type of road to be 
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constructed is a most important consideration, and in general the se- 
lection of rock should be based upon the character and volume of 
traffic as related to the type of road in which it is to be used. 

The more common types of road in which stone is used are: 

1. Water-bound broken-stone roads, as macadam, maintained as 
such. 

2. Water-bound macadam roads maintained with dust pailiatives. 

3. Water-bound macadam roads with bituminous carpet. 

4. Bituminous broken-stone roads with a seal coat of bituminous 
material constructed according to the penetration method. 

5. Bituminous concrete roads with a seal coat of bituminous 
material. 

6. Bituminous concrete roads without a seal coat of bituminous 
material. 

7. Portland cement concrete roads with a coarse aggregate of 
broken stone. 

8. Stone-block pavements. 

The destructive effect of traffic, both with respect to character and 
volume, varies to a considerable extent for the different types of 
road. 


PHYSICAL PROPERTIES OF ROAD-BUILDING ROCK. 


The success or failure of a rock for road building depends largely 
upon the extent to which it will resist the destructive influences of 
traffic. The three most important physical properties are hardness, 
toughness, and binding power. Hardness is the resistance which 
the rock offers to the displacement of its surface particles by abra- 
sion; toughness is the resistance which it offers to fracture under 
impact; and binding power is the ability which the dust from the 
rock possesses, or develops by contact with water, of binding the 
large rock fragments together. In order to approximate as closely 
2s possible in the laboratory the destructive effects produced by the 
various agencies which have been mentioned, certain physical tests 
have been developed. Brief descriptions of these tests are as follows: 


HARDNESS TEST. 


Hardness is determined by subjecting a cylindrical rock core 25 
mm. in diameter, drilled from the specimen to be examined, to the 
abrasive action of quartz sand fed upon a revolving steel disk. The 
end of the specimen is worn away in inverse ratio to its hardness 
and the amount of loss is expressed in the form of a coefficient as 
follows: 

Coefficient. of hardness = 20 —1/3 w, where w equals the loss in 
weight after 1,000 revolutions of the disk. 
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TOUGHNESS TEST. 


‘Toughness is determined by subjecting a cylindrical test specimen 
25 by 25 millimeters (1 by 1 inch) in size to the impact produced by 
the fall of a 2-kilogram (4.4-pound) hammer upon a steel plunger 
whose lower end is spherical and rests upon the test piece. The 
energy of the blow delivered is increased by increasing the height of 
fall of the hammer 1 centimeter (0.39 inch) after each blow. The 
height of blow in centimeters at failure of the specimen is called the 


toughness. 
DEVAL ABRASION TEST. 


A test devised by the French for measuring the combined action 
of abrasion and impact is as follows: Five kilograms (11 pounds) 
of freshly broken rock between 2 and 24 inches in size is tested in a 
special form of cylinder so mounted on a frame that the axis of 
rotation of the cylinder is inclined at an angle of 30° with the axis 
of the cylinder itself. The fragments of rock forming the charge 
are thus thrown from end to end twice during each revolution, caus- 
ing them to strike and rub against each other and the sides of the 
cylinder. After 10,000 revolutions the resulting material is screened 
through a 35-inch sieve and the weight of the material passing is used 
to calculate the per cent of wear. The French coefficient of wear is 
calculated from the per cent of wear as follows: 


: 40 
French coefticient of wear=——————_. 
Per cent wear 


CEMENTING-VALUE TEST. 


To determine the binding power, or cementing value, as it is usually 
called, 500 grams (1.1 pounds) of the material to be tested is crushed 
to pea size and ground with water in a ball mill until it has the con- 
sistency of a stiff dough. It is then molded into cylindrical briquettes 
25 by 25 millimeters (1 by 1 inch) in size, which, after thorough dry- 
ing, are tested to destruction in a special form of impact machine. 
A 1-kilogram (2.2-pound) hammer falls through a constant height 
of 1 centimeter (0.39 inch) upon an intervening plunger, which in 
turn rests upon the test piece. By means of a suitable arrangement a 
graphic record of the number of blows required to destroy the speci- 
men is obtained. The number of blows producing failure is called 
the cementing value of the material. 


SPECIFIC GRAVITY—WEIGHT PER CUBIC FOOT—WATER ABSORPTION. 


The specific gravity, weight per cubic foot, and the water absorp- 
tion in pounds per cubic foot are obtained on samples of rock which 
are tested to determine their road-building qualities. The weight 
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per cubic foot is calculated from the specific gravity of the material 
obtained on a 10-gram sample by the usual displacement method. 
The gain in weight of this fragment after four days’ continuous 
immersion in water is used to calculate the water absorption in 
pounds per cubic foot of the solid rock. 

VARIATIONS IN RESULTS OF TESTS. 


} 


Because of the fact that the various rock families, when subjected 
to the tests outlined above, give results which are more or less dis- 
tinctive of a group or type, these results can best be discussed in many 
cases collectively. There are 14 families of rock which are more 
or less commonly used in macadam-road construction. The varia- 
tions which have been found to exist in the three principal tests for 
each of these are shown in graphic form in the accompanying chart. 
The values of the tests are arranged as abscissa, with the zero points 
to the left and the values numerically increasing toward the right. 
The ordinates or vertical lines represent the percentages of the total 
number of samples having values corresponding to the abscissz on 
which they are plotted. The figures in parentheses in the upper 
right-hand corner of each block represent the total number of de- 
terminations from which these percentages were calculated. 


TRAP-ROCK GROUP. 


The first six rock families, Andesite, Basalt, Diabase, Diorite, 
Gabbro, and Lhyolite, comprise the well-known group of road-build- 
ing rocks commonly known as “trap.” They are all of igneous origin, 
but are denser and finer grained than the granites, possessing as a 
rule a peculiar interlocking crystalline structure which imparts to 
them their distinguishing characteristic—high toughness. Thus, by 
referring to the chart, it will be noted that the average toughness of 
all the traps, with the exception of gabbro, which runs somewhat 
lower, is about 18. This is a considerably higher average than that 
shown by any of the other types or groups. The same relationship 
holds true in the abrasion test, the average French coefficient of wear 
running from about 13 to 15. Comparatively slight variations in 
hardness are noted for any family or for the group as a whole, the 
average hardness for which is about 18. The binding power of the 
traps, as determined by test, varies through wide limits, depending 
largely on the degree of weathering they have undergone, as shown 
by Lord.t_ The specific gravity of this group averages about 2.9, 
- giving an average weight per cubic foot of 180 pounds. Individual 
samples are seldom less than 2.7 nor more than 3.2 specific gravity. 
Water absorption may vary from a few hundredths of 1 per cent to 
over 7 per cent. 


1 United States Department of Agriculture Bulletin No. 348. 
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GRANITES. 


Granite, the typical rather coarse-grained igneous rock, is charac- 
terized by low toughness and high hardness. The average value for 
the former, as will be seen from the chart, is about 8, while that for 
the latter runs as high as for the trap group, about 18.5. The abra- 
sion test develops an average French coefficient of wear of about 11, 
somewhat lower than for the trap-rock group. Cementing values 
made on granites run low, as has been demonstrated by experience, 
the only exceptions being very highly weathered material which 
usually shows low toughness and resistance to wear. The specific 
gravity of the granites averages close to 2.7 and is seldom less than 
2.6 or more than 2.8. The weight per cubic foot, therefore, averages 
168 pounds, and may ordinarily vary from 163 to 175 pounds. Water 
absorption has been found to run from about 0.04 to 3 per cent. 


LIMESTONES AND DOLOMITES. 


The limestones and dolomites, or magnesium limestones, are un- 
doubtedly the most widely used road-building rock. It will be seen 
from the chart that they run much lower in hardness, toughness, and 
resistance to wear than do the traps or granites. The average French 
coefficient of wear is about 8, toughness 7, and hardness 15. The 
cementing values are usually good, about 75 per cent of all samples 
tested running over 25. The specific gravity of the limestones and 
dolomites averages close to 2.7, about that of the granites, and is sel- 
dom less than 2.6 or more than 2.85. In general, the weight per cubic 
food will run from 160 to 178 pounds, with an average of about 168 
pounds for the limestones and 170 pounds for the dolomite. Absorp- 
tion may vary from a few hundredths of 1 per cent to over 13 per cent. 


SANDSTONES. 


The sandstones are characterized by wide variations in the results 
of alltests. In fact, the highest and lowest values obtained for all sam- 
ples tested have, with one exception, been upon sandstone. The aver- 
age French coefficient of wear is about 12, average toughness about 10, — 
and average hardness about 16. The cementing value of sandstones 
varies widely, depending upon their composition. Thus certain 
varieties of feldspathic sandstone somewhat resembling trap rock in 
appearance almost invariably show high binding value in the labora- 
tory. Their specific gravity also varies between wide limits, but 
usually lies between 2.4 and 2.8, with an average of 2.62. The weight 
per cubic foot therefore varies from 150 to 175 pounds and averages 
164 pounds. Absorption runs from a few hundredths of 1 per cent 
to about 2 per cent. 
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MARBLE AND QUARTZITE. 


Marble and quartzite are the two families of nonfoliated meta- 
morphic rocks corresponding to limestone and sandstone, respec- 
tively. While in some respects it is convenient to consider marble 
with the limestone and dolomite group, it will be seen from the chart 
that the average toughness of marble, about 5, is lower, and that the 
average hardness, which is less than 14, is also somewhat lower. 
Marbles usually show good cementing value tests with about the same 
range as the limestones and dolomites. For those samples tested, the 
specific gravity ordinarily falls between 2.7 and 2.9 and the weight 
per cubic foot averages 173 pounds, which is somewhat higher than 
the average for either limestone or dolomite. As would therefore be 
expected, the maximum absorption is less, being under 2.5 per cent. 

Quartzites show an average toughness of 15, as compared with 10 
for the sandstones. The coefficient of hardness is also higher and 
for the samples tested shows a much smaller range of values than for 
the sandstones. The quartzites invariably show a low cementing 
value. ‘Their specific gravity from tests made usually lies between 
2.6 and 2.8 and their average weight per cubic foot is about 167 
pounds. Their water absorption runs from a few hundredths of 
1 per cent to nearly 3 per cent. 


GNEISS AND SCHIST. 


Both gneiss and schist belong to the foliated metamorphic type 
of rocks. The former is in reality a metamorphosed granite and 
therefore shows physical properties similar to the granites. The 
average French coefficient of wear for the gneiss samples is about 9, 
being somewhat lower than for the granites, while their average 
hardness and toughness is about the same. Their specific gravity, 
weight per cubic foot, and absorption are approximately the same 
as for granite. 

The schists show an average French coefficient of wear of about 12. 
Their average hardness is about 17.5 and their toughness averages 11, 
the latter being higher than for gneiss. It should be noted, however, 
that the toughness test for both gneiss and schist is made perpen- 
dicular to the plane of foliation. If taken horizontal to the plane 
of foliation much lower results would be obtained, as failure would 
then occur along these natural lines of cleavage. The specific gravity 
of schists usually hes between 2.65 and 2.90 and the average weight 
per cubic foot is about 181 pounds. Water absorption is seldom over 
2 per cent for this family. 

With the exception of the highly altered varieties, both gneisses 
and schists show a rather low cementing value. 


¢ 
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CHERT. 


Chert is a very hard material, but frequently shows a low resist- 
ance to wear, owing to its tendency to fracture along lines which 
have developed as shrinkage cracks in the rock structure. For this 
reason it is extremely difficult to test for toughness. The cementing 
value of pure chert is usually low, but some highly weathered deposits 
develop in service good cementing value, especially if a high-binding 
clay is associated with it. Comparatively few samples which have 
been submitted for examination have been found suitable for all tests. 
Of those examined, however, the French coefficient of wear has 
usually been found to le between 2 and 8, with an average of 5; 
toughness between 7 and 26, with an average of 16; and the hardness 
coeflicient between 19 and 20. Specific gravity usually les between 
94 and 2.65 and the average weight per cubic foot is about 160 
pounds. Water absorption may run from a few tenths of 1 per cent 
to over 8 per cent. 


SHALE AND SLATE. 


Shales and slates are highly laminated rocks that tend to break 
into flat plates not suitable for road-building purposes. They are 
seldom used in road construction, except perhaps as a filling for sub- 
foundations. They vary greatly in nearly all of their physical 
properties. 


RARE ROAD-BUILDING ROCKS. 


A comparatively few samples of a number of families of rocks 
which are occasionally used in road building have been examined in 
the laboratories of the United States Office of Public Roads and 
Rural Engineering. They need not be considered in detail, but the 
usual ranges as well as the averages of results of the more important 
physical tests of these rocks are given in Table I. 


Taspre I—The rare road-building rocks. 


French coefficient on 
Nee: nea cae Toughness. Hardness. 
peng) Name. = Se nl ee 
ples. | Ordinary | Aver- | Ordinary | Aver- | Ordinary | Aver- 
range. age. range. age. range. age. 
2)'| Amphibolites. 22955-22255 45.- - 11.3-26.7 16.7 12-40 19} 16.6-19.0 17.5 
10) PE elosste ss £205. Pose atte aes 12. 7-22. 7 16.1 14-28 26 | 18.4-19.3 18.5 
123) By pidosite > 455 Seer eee case alas 10. 0-18. 7 13.0 10-23 16 | 17.6-19.5 18.0 
PL Weisites. 2. ARLE SSeS ee. S22 11.9-21.3 583 | eee ee o NG plete See 18.7 
6 Peridotite: 6. 535-4242 ee = ee 7.6-18. 2 10.3 9-12 10 13. 3-16. 6 15.0 
8 | Serpentine.......--- See SseSseee 2. 6-14. 2 10.1 11-21 14 18.3-18.6 18.4 
fl Prachyte s-- eee eee. | 11.5-233.5| 16.2 21-34 22 | 17.7-19.1| 18.1 
POI SY CHILO. ake ete cose ee 7.0-18.7 13.1 8-22 14 | 17.3-19.2 18.1 
\ { 
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SLAGS. 


_ Many slag varieties resemble in certain outward respects the com- 

mon road-building rocks. However, in general, they are more porous 
and glassy, and vary so greatly in physical properties that with ref- 
erence to their physical characteristics from the standpoint of road 
construction they can not well be considered as a single class with 
definite limits or general average numerical values. 


INTERPRETATIONS OF RESULTS OF PHYSICAL TESTS. 


The results of physical tests are only of value in predetermining 
the suitability of a rock for a given type of road under given condi- 
tions when the behavior of other rocks, having the same general 
physical characteristics, is known. Much investigation is still neces- 
sary to accurately correlate laboratory tests with service results, but 
in this connection certain facts have been determined from experi- 
ence, which may be briefly discussed under the different types of 
roads. 

As the amount of traffic to which a road is or will be subjected is 
a most important consideration, and as the terms light, moderate, 
and heavy are commonly used in describing the amount of traffic, 
such terms should be defined. For the purpose of comparison it has 
been assumed that traffic of less than 100 vehicles per day is light, 
between 100 and 250 moderate, and over 250 heavy. 


WATER-BOUND MACADAM ROADS. 


The ideal rock for the construction of a water-bound macadam 
road resists the wear of traffic to which it is subjected to just that 
extent which will supply a sufficient amount of cementitious rock 
dust to bind or hold the larger fragments in place. It is generally 
admitted that the ordinary macadam road is not well suited to any 
considerable amount of automobile traffic, because such traffic rap- 
idly removes the binder without producing fresh material to take its 
place. | 

Cementing value is a necessary quality for rocks used in macadam 
road construction. As determined by test, cementing values below 
25 are called low; from 26 to 75, average, and above 75, high. In 
general, the cementing value should run above 25. For rocks which 
show a low French coefficient of wear, however, a relatively high 
cementing value is more necessary than for those which have a high 
French coefficient. Interpretation of results of the cementing value 
test is subject to a number of influencing considerations. For in- 
stance, it has been found that certain feldspathic varieties of sand- 
stone give excellent results in this test, while experience has shown 
that they do not bind well when used in the wearing course of 
macadam roads. In the case also of certain varieties of the trap 
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group low results are frequently shown by laboratory tests for rocks 
which bind quite satisfactorily upon the road, provided traflic is suf- 
ficiently heavy to supply the requisite amount of fine material. Cer- 
tain granites, gneisses, and schists which are not suitable for use as 
binding material give good results in this test. In such cases it is 
usually found that the highly altered nature of the material reduces 
its toughness and resistance to wear to such an extent as to condemn 
it for use. 

Experience has shown that in general the following table of limit- 
ing values for the French coefficient of wear, toughness, and hardness 
may be used in determining the suitability of a rock for the con- 
struction of the wearing course of a macadam road: 


TABLE II.—Limiting values of physical tests of rock for water-bound macadam 
road construction. 


Limits of tests. 
Character of traffic. 


French coefficient of wear. Toughness.| Hardness. 
Dightee sare aee ct te eee 5-8==(5=8 per Cent wear). sa ssn sos een keke 5-9 10-17 
Moderatese ae sees as ee 8=15— (247-5 per Centiwean) pase re eee ean see eee 10-18 Over 14 
Hieawyeeso2 4 8h. Hesse Over 15= (less than 2.7 per cent wear)--..-...------------ Over 18 | Over 17 


With relation to the limitations for hardness it may be noted that 
as a result of comparing hardness and toughness tests of some 3,000 
samples, the authorst have shown that when any given value for 
toughness falls within certain limits which define the suitability of 
the material for macadam road construction under given traffic 
conditions, the corresponding value for hardness will fall within 
similar limits for hardness. In this connection it will be seen, in 
Table II, that a maximum limit for hardness is only given in the 
case of light traffic. It has been found that the great majority of 
samples having a French coefficient of wear of from 5 to 8 and a 
hardness of over 17 are granites, quartzites, and hard sandstones, 
which are unsuited for use in the wearing course of water-bound 
macadam roads due to their lack of binding power. 


BITUMINOUS ROADS. 


For broken-stone roads which are maintained with dust palliatives, 
the same limits for French coefficient of wear and toughness should 
hold as for ordinary macadam roads, 

In bituminous work observations indicate that in some cases it is 
advantageous to use a rock of relatively high absorption rather than 
one with low absorptive qualities, owing to a better adhesion of the 
bituminous material by a partial surface impregnation of the rock. 


1 Relation Between the Properties of Hardness and Toughness of Road-Building Rock, 
Journal of Agricultural Research, Vol. V, No. 19, D—3. 
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While the binding or cementing value of a rock 1s a most impor- 
tant consideration from the standpoint of ordinary macadam con- 
struction, the same is not true of broken-stone roads which are car- 
peted or constructed with an adhesive bituminous material. The 
French coefficient of wear is also of relatively less importance, ow- 
ing to the fact that the fine mineral particles produced by the 
abrasion of traffic combine, or should combine, with the bituminous 
material to form a mastic which is held in place and protects the 
underlying rock from abrasion so long as by proper maintenance it 
is kept intact. The toughness of the rock is of more importance, as 
the shock of impact is to a considerable extent transmitted through 
the seal coat and may cause the underlying fragments to shatter. 
It would, therefore, seem that the minimum toughness of a rock for 
use in the construction of a bituminous broken-stone road or a 
broken-stone road with a bituminous-mat surface should, for light 
traffic, be no less than for ordinary macadam subjected to the same 
class of traffic. For moderate and heavy traffic, however, the same 
minimum toughness should prove sufficient, owing to the cushioning 
effect of the bituminous matrix. No maximum limit of toughness 
need be considered for any traffic. 

In the case of bituminous concrete roads, where the broken stone 
and bituminous material are mixed prior to laying and consolidation, 
it generally appears advisable te set a minimum toughness of 6 or 7 
for light-traffic roads, instead of 5, in order to insure that the frag- 
ments of rock which have been coated with bitumen shall not be 
fractured under the roller during consolidation; and 12 or 138 for 
moderate and heavy traffic, instead of 10 and 19, as in the case of 
water-bound macadam roads. 

Bearing in mind the fact that availability, cost, and various local 
conditions may often modify the selection of proper limits, Table III 
may be used as a general guide for minimum limits of French co- 
efficient of wear and toughness in connection with bituminous broken- 
stone roads. 


TABLE III.—Minimum limits of physical tests of rock for bituminous-road 
construction. 


Light to moderate traffic. | Moderate to heavy traffic. 
pee ea French coefficient of French coefficient of 
‘French coefficient o ‘rench coefficient o 
ea Toughness. ae. Toughness. 
Broken stone with bituminous 
carpet. 5= (not over 8 per cent 5 7=(not over 5.7 per \ 10 
Bituminous broken stone with wear). cent Wear). 
seal coat. 
Bituminous concrete with or | 7=(not over 5.7 per 7 10=(not over 4 per 13 


without seal coat. cent wear). cent wear). 
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PORTLAND CEMENT CONCRETE AND STONE BLOCK. 


The most desirable limitations for broken stone to be used as coarse 
aggregate in Portland cement concrete wearing surfaces has not as 
yet been ascertained. In general, however, it would seem that the 
low limit for hardness should be no less than the hardness of the 
mortar which binds the rock fragments together. At the present 
time a minimum hardness of 12 for moderate and 16 for heavy traffic 
would appear reasonable. In consideration of the type of traffic to 
which concrete roads are subjected, a minimum toughness of 8 is 
suggested. } 

Stone blocks are usually manufactured from granite or sandstone, 
although other rocks may also be used. Specifications for granite 
block adopted in 1914 by the American Society of Municipal Improve- 
ments? call for a toughness of not less than 9 and a crushing strength 
of not less than 20,000 pounds per square inch. It would appear wise 
_ to also require that the hardness be not less than 16. 


APPENDIX. 


The results of all of the physical tests made on rock samples in the 
laboratory of the Office of Public Roads and Rural Engineering 
from the date of its installation in 1902 up to January 1, 1916, are 
included in Table V, together with the results obtained by Logan 
Waller Page for the Massachusetts State Highway Commission 
previous to 1902. 

The rocks are classified according to their location, so that this 
table shows the availability and character of the materials, as far as 
they have been tested, throughout the United States. 

Table IV shows the number of samples of material tested in the 
different States. 


TABLE 1V.—Geographical distribution of samples tested. 


Nyaaber oer Number 
oO (a) of 
State. samples State. samples State. samples 

; tested. tested. tested. 
Aa baMae cee ees 29 || Massachusetts.......-. 179 || South Dakota......... 11 
IAT IZONAS Ee eee eee 3) Michigan’ sss) 3s 84 || Tennessee..........--- 61 
IATKANSASH Re eee ee ee 14 |} Minnesota............ 16:.||) Mexasc- se ete eee 62 
Cahiformiae es =- see 101 ||} Mississippi..........-- 1 AUtshe eS Ss 13 
Coloradoss 4) ee 219) |EMEISSOUTIE sa eee 33, |SMenmonteass="s5-2esee 32 
Connecticut..........- AS Montana nase ae 4 |||) Maneinianssie 2 ose eee 404 
Delaware. ee 30) ||- Nebraska... 2. 225. | sWashinetons. | ee 212 
Mloridaes a5 eee eee 9 || New Hampshire...... 22 || West Virginia......... 139 
Georgiana see eee 157 || New Jersey........--- 72) || WESCONnSIN seeeeee seer 139 
Wdahow ee eee 9 | NewYork 25.2) aes 136°] Wiyomingeee ses oe ae 3 
MNO Sei ee ree ee 122 || North Carolina......- 137 or 
bngianas gos ee ee HOLS) Ohios 36 Sek seo 138 : 3, 605 
TOWae ee gore eee eae 235\| Oklahoma sss) scene 50 || Canadas 49 
FEANSAaG). 5b See Oe Se Ma Oregon-. 2.2) ee eee #4) |GRorto Rico... esse: 12 
iKentucky-s9s2-- ee 41 || Pennsylvania......... 599" | |' Cuba ace wae . 4 
Wowisianasss eee 7 || Rhode Island_........ 38 — 
IMaingy- 2s) hewn 2) 72 || South Carolina........ 26 Total vsesseee 3, 670 
Maryland eee eons 116 


1 Proceedings of the 1914 Convention of the American Society of Municipal Improve- 
ments, p. 511. 
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PHYSICAL TESTS OF ROAD-BUILDING ROCK. 
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OF ROAD-BUILDING ROCK. 


PHYSICAL TESTS 
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PHYSICAL TESTS OF ROAD-BUILDING ROCK. 
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PHYSICAL TESTS OF ROAD-BDILDING ROCK. 
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